The phenotypic characteristics of 89 Aeromonas strains, most of which had been isolated from feces, were examined. Eighty-two percent of the isolates could be placed into one of four groups on the basis of five tests. The relationship of these groups to the three motile species ofAeromonas (Aeromonas caviae, A. hydrophilk, and A. sobria) that have been isolated from humans is unclear. Because the means for identification of Aeromonas strains to the species level appear to be imprecise and because the role of each of these species in human diarrhea is unclear at this time, we recommend that identification of enteric Aeromonas isolates to the species level not be done routinely.
Recent studies have suggested that Aeromonas species may be important enteric pathogens in humans (1, 2, 5, 10, 11). The genus Aeromonas currently contains three motile species (Aeromonas caviae, A. hydrophila, and A. sobria) that are thought to cause diseases in humans and one nonmotile species (A. salmonicida) which has not been recovered from humans (16) . Based on taxonomic studies by Popoff and colleagues (17, 18) , a means for identifying motile aeromonads to the species level by biotyping has been described (16, 17) . Some investigators have attempted to correlate the species isolated (as determined by biotyping) with specific types of diseases in humans (4, 12) and have concluded that identification of Aeromonas isolates might be useful. Our experience with 89 isolates (most of which were from the feces of humans with diarrhea) has led to somewhat different conclusions with regard to both the feasibility and utility of identifying Aeromonas isolates.
MATERIALS AND METHODS
Eighty-nine strains of bacteria were studied; the sources of these organisms were as follows: feces of patients with diarrhea (61 strains), feces of asymptomatic individuals (7 strains), blood (3 strains), clinical isolates from other specimens, such as sputum and wound drainage (13 In an attempt to determine whether cytotoxicity might be a useful phenotypic marker, filtrates from all strains were tested in HeLa cell cultures. Brain heart infusion broth (BBL) (10 ml) was inoculated with the test strain and incubated for 48 h at 37°C on an oscillating shaker (30 rpm). Aliquots were removed at 24 and 48 h, sterilized by centrifugation and by passage through a 0.45-,um-pore-size filter, diluted serially 10-fold in 50 mM phosphate-buffered saline (pH 7.0), and inoculated into HeLa cell cultures as previously described (8) . The rounding of all cells or loss of the monolayer; actinomorphic or stellate changes (i.e., resembling a starfish) in more than 50% of the cells; and elongation of more than 50% of the cells. Interpretation was made without knowledge of the presumptive species designation. RESULTS A majority (73) of the isolates, including four of the five reference strains, could be placed into one of four major groups, based on five key reactions (Table 1 ). The type strain of A. sobria resembled group 4, except for its inability to grow in KCN broth. The remaining strains were heterogeneous with regard to the five reactions listed in Table 1 and  are shown on Table 2 . H2S production was not detected after 24 h of incubation on Kligler iron agar but was detected with lead acetate paper in all 89 strains when grown on Schaedler agar, which contains cysteine. Ten strains (including the five reference strains) were tested at both 30 and 37°C for esculin hydrolysis, growth in KCN broth, production of gas from glucose, acetylmethylcarbinol production, and salicin fermentation. A temperature of 30°C was chosen because this was the temperature used by Popoff and Véron (17) in their taxonomic study of Aeromonas strains. Three strains were negative for acetylmethylcarbinol production after growth at 30°C but were positive after growth at 37°C, and two grew in KCN broth at 37°C but not 30°C; in addition, one strain fermented salicin, and another produced gas from glucose at 30°C but not 37°C. Of the 10 strains, therefore, 6 had at least one test result altered by the temperature of incubation.
Examination of colony morphology after overnight incubation on Trypticase soy agar supplemented with sheep blood at 37°C revealed colonies that were approximately 2 to 2.5 mm in diameter, raised, circular with an entire edge, and buff to light gray in color. Incubation on the same medium at 30°C produced colonies that were slightly smaller (1.5 to 2.0 mm) but otherwise similar. A total of 18% of the strains produced mucoid colonies when incubated for 24 h at 37°C, whereas only 7% produced mucoid colonies at 30°C after 24 h of incubation. The patterns of hemolysis were appreciably different. On horse blood 37% of the strains produced complete hemolysis and 47% produced partial hemolysis, whereas only 5% produced complete hemolysis and 47% produced incomplete hemolysis on sheep blood. Cytopathic effects were produced by filtrates of 23% of group 1 isolates, 78% of groups 2 isolates, 92% of group 3 isolates, and 75% of group 4 isolates. These effects were usually produced only by undiluted filtrates and included rounding and detachment of cells from the bottom of the well, actinomorphic changes, and elongation of cells; some filtrates did produce cytopathic effects when diluted 100-fold, however.
The clinical status and laboratory evaluation of 58 of the 61 subjects with diarrhea whose isolates were included in this study were reviewed and are part of a separate report (7) ; of the 58, 5 had a potential enteric pathogen detected (2 had Campylobacter jejuni, 1 had Shigella sp., 1 had Clostridium difficile and its cytotoxin, and 1 had Giardia lamblia cysts). The remaining 53 were free of the enteric bacterial or parasitic pathogens routinely sought in our laboratory (7) . There was no relationship between the duration of diarrhea and phenotypic characteristics of the Aeromonas strains isolated.
DISCUSSION
Although many investigators believe that members of the genus Aeromonas are capable of causing diarrhea in humans (1, 2, 5, 10, 11), rigorous scientific proof of this hypothesis is lacking. We believe that it is premature to presume that a given phenotypic characteristic or group of characteristics correlate with pathogenicity. In the Manual of Clinical Microbiology (13), six properties are listed as being important for distinguishing among the three motile aeromonads (A. caviae, A. hydrophila, and A. sobria); these are esculin hydrolysis, growth in KCN broth, salicin fermentation, production of gas from glucose, acetylmethylcarbinol production, and elastase production ( (Tables 1 and 3 ); the type strain of A. sobria did not grow in KCN broth, as would be expected (Table 2) . A reference strain ofA. sobria (ATCC 9071) was originally described as A. hydrophilia but reclassified as A. sobria by Popoff and Véron (17) . We found that this strain resembled our group 2 isolates (Table 1) rather than A. sobria. Seventeen percent of our isolates could not be grouped on the basis of the tests listed in Table 3 . Lipase and lecithinase production; arabinose, gluconate, and glycine fermentation; and cytopathic activity in tissue cultures were not of value in grouping our isolates.
Several additional points menit comment. The optimal temperature for Aeromonas species is said to be 22 to 28°C (16) , yet many investigators either carry out their studies at 37°C (as we did) or do not indicate the termperature of incubation. The taxonomic classification of Popoff and Véron (17) however, was based on incubation at 30°C. Of 10 Aerornonas strains evaluated, we found that six produced different results for at least one of the reactions shown in Table 3 when incubated at 37°C versus 30°C. To our knowledge, the optimal growth temperature for strains that have been recovered from humans and passaged at 37°C in the laboratory is not known; in addition, it appears that there is variability in the results of certain tests when the temperature of incubation is varied. If identification of Aeromonas strains is to be done at 37°C, then the validity of using the criteria of Popoff and Véron (17) at this temperature should be shown.
Another test used by some investigators to aid in the identification of Aeromonas species is H2S production. According to Popoff, Aeromonas species are unable to produce H2S from thiosulfate, but some strains do produce H2S from cysteine (16) . To determine H2S production, Popoff and Véron (17) used a cysteine-containing semisolid medium (GCF) incubated at 30°C. We did not detect H2S production by any of 89 strains on Kligler iron agar (which contains thiosulfate but not cysteine) after 24 h of incubation at 37°C, whereas H2S production by all the strains was detected with lead acetate strips after cultures were incubated for 24 h at 37°C on a cysteine-containing medium. This finding suggests that all Aeromonas species may produce H2S in small amounts and that the usefulness of testing for H2S is limited. The fermentation of arabinose has been used by some investigators to discriminate among Aeromonas species (12, 19) ; Popoff and Véron (17) , however, assessed the ability of strains to utilize arabinose as an energy and carbon source rather than just the ability of strains to ferment arabinose. As has been suggested by others (4), the cytopathic and cytotoxic effects that we noted undoubtedly represent a combination of the effects of "toxin" plus proteolytic exbenzymes; this type of assay does not seem to be useful for examining culture filtrates.
We believe that routine biotyping (identification) of Aeromonas species with regard to human disease may be premature. Recent (14) . It is possible that virulence is a temperatuiÈe-related phenomenon or that it is readily lost during laboratory passage; regardless, it is difficult to assign pathogenicity to certain species (but not others) when the disease cannot be reproduced.
A. caviae has been found by some investigators to produce "enterotoxin" rarely (3, 19) ; the failure of a strain to produce toxin has been suggested to indicate that it is not an enteric pathogen (2, 3). The high frequency of A. caviae-like organisms in the feces of patients with diarrhea at our institution suggests that the role of Aeromonas strains in diarrhea and as transient bowel flora of humans merits further clarification. A method for distinguishing between incidental enteric colonization and symptomatic infection will be required to evaluate fully the role of this organism in human disease in a patient population such as ours. Our current policy is to culture fecal specimens for Aeromonas species on an ampicillin-containing blood agar medium (7) and to report positive cultures as yielding "Aeromonas species, a possible enteric pathogen." We do not attempt identification routinely because of the imprecision of the available methods and because much of the literature either implies or states that A. caviae is not an enteric pathogen; we believe that this implication or statement may be erroneous and could, therefore, be misleading to clinicians. ACKNOWLEDGMENTS This work was supported by Veterans Administration Medical Research funds.
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